,  d 1lage of 233.000: i the question, where 'drd pst of the oil go? Only"
~metric tons of crude oil. Of the 233 000 metric tons, our ‘cal- the Amoco Cadiz oil was S, unted for. Speculation for the .
' pulatlons indicate that only 97% was stranded on shore. With: "other 73% includes evaporation and sinking of oil (see ref
the knowledge of how much 011 reaches the coast, one may ask :
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The use e of Narragansett Bay, RI, both as a disposal srte for:
,rndustrral and municipal wastes and as a commercial fishery
" makes it an excellent location for studies on the accumulation
"of toxic organic compounds in estuarine organisms. The ob-

rom the hr hl olluted he 1 _jective of the present study was to identify the organic com-
N & y potluted northern bay strongly suggest “ pounds accumulated by transplanted mussels and by mdrg- :

Comparrsons -Of the eharacterrstrcs Of enous bay organisms. In the course of this study 2,4,8-trich-

lorodibenzofuran (tri-CDF), a possrble precursor tetrachl
“rodiphenyl ether (tetra—CDE) anda trrchlorodrphenyl ether
= (tris CDE) were identified in extracts of - orgamsms and in
uspended partrculate matenal The presence of




" the tri-CDF was of sp

" compounds have been found as contaminants in PCBs (2-6)

- of sensitivity limitations
" However, a more s

. (mostlikely of a PCB origin) in environmen

: ine_'st';uarinesygtems'@z)..,Themusselswereheldi'ncagesfor, e — e T
. 9. months iri 1978 or 4monthg in 1979 at stationsona transect - Figure 1. Map of Narragansett Bay showing station locations. Numbers

 through glass-fiber filters | ,an ¢
furnace before use (550°°C - conducted to compare analyses using on-column injection

- constant weight (3

. partitioned betweén water atid Freon

"~ gas chromatograph. Mass spectra were obtained with the same

" dibenzofuran standard; The concentrations of both ‘poly-

- . they probably represent conservative estimates of the actual. . tions in the bay in 1978. One of the major peaks in electron
concentrations: Reagent'blanks,ptocessed along with-these

- samnples collected from

" chlorinated dioxin

it e e

igl‘iﬁ_t»e‘rést because o.ng'h toxicity . ‘ TR ey
generally associated with chlorinated dibenzofurans (1). These . SAGANSETT BAY
' 'RHODE ISLAND -

and in fly ash-from municipal incinerators (7), and PCDFsand-
precursors have been identified in chlorophenols and related
compounds (8-11). While some potential sources have been

identified and the ‘environmental significance of reactions
forming PCDFs from precursor compounds has been em

in envirorimental éampI!?SQ (15,716). It was suggested that .- ;

finditig’_"PCDEsiljth,é;én\fimnmentfroxﬂaPCBsou:éewas’not_'.f': s A3 ' : - - - —f

phasized (9, 12-14), until recently PCDFs have ot been found

likely because of the low level of PCDFs in PCBs and becatise-
stions of analytical instrumentation (17)

chnique; negative chemical ion-.
. recently tified PCDFs
3 org mméntal samples fro

somé rivers and lakes of the United States (18)."" "
- Of particular interest to the present study was the detection
of tri-and tetra-CDEs in the wastewater. (19) of a chemical
manufacturing plant located on the Pawtuxet River (a trib-
V.0 rovidence River (Figure 1)) dnd the finding of
' d) in the plant’s
R ' d N.

ization mass spectroin

3 s) used in this study were part of 8
ing these organisms as biomonitors of pollution.

" the highly rth : he ba¥ ta legg -~ foferto caged mussel stations on a transect from the highly poliuted
from the highly polluted northern end of the bay to theless - oo hay'to the less polluted lower bay. A, B, and C refer to collection

_Poulltt_!d_ s_c?u_them el _d (Figure 1) The.other organism saf:nplw stations for clams, lobster, and lower-bay suspended particulate ma-
were. obtained by divers from the mid and lower bay in the . terial, respectively. (*) Location of Pawtuxet River. S
- summer of 1979.. Suspended particulates were collectedat =~ - . & e oo » :
transect stations in the summer of 1979 by drawing baywater .0 et o LA i S
which bad been heated in a muffle _ injection ports have been reported (23), an experiment was

Following ‘sample’ collection, filte n

ollectior ‘dr - (which avoids a heated injection port (24)) with those using
°C) and extricted by secyeling

a conventional heated injection port. The results showed that
sample ‘components were not. interconvt rted during GC .
analysis. Otliet experiments, ificluding a GC-MS analysis of '
¢ miussel extract which had not been subjected to, columr
@;h;diﬁatbgi‘.#bhy nd another which carried a column ‘chro:
smatographic fraction (containing tri-CDF and PCDE) back.

*weré combined and:passed through a 2’

activated silica gel. Following volume redt i, through the entire analytical procedure a second time, pro-
"exchange to hexi :ts were s¢ d into fracti vided additional evidence that interconversion reactions were’

al; 1-procedure

romatography was pe
‘Hewlett-Packard 5840-

‘lary colunin electron capture gas ¢

' formed on a 60-m SE-54 column ina
" colurin installed in a'Shimadzu Model 4CM gas chromato-
_ graph directly coipled toa Finnegan 1015 mass spectromete

_ with a RDS data system: The concentrations of tri-CDF were

determined on the basis of the responise of a 2,4,8-trichloro-

, F'iguré 9. This general pattern of peaks is observed:in other.
*1979 Narragansett Bay samples, including mussels which had
been caged at other tr isect stations (Figure 1), suspended -
“particulate material from the upper and lower bay, clams
chlorinated. diphenyl' ethers (PCDEs) .were -calculated by - - (Mercenaria mercenaria) from the midbay, and the hepato-
comparison with the response of 9,3,4,4'-tetra-CDE. Since .. - pancreas ‘of & lobster (Homarus americanus) from the lower
the results (Table T) were not corrected for procedural losses, - ; bay. Similar patterns also are found in mussels caged at sta-

© capture gas chromatograms from the samples analyzed isa -
“chlorinated dibenzofuran. A mass spectrum of this compound

rom a mussel obtained ata highly polluted north-bay station .-
- i$ compared with the spectrum of a 2,4,8-ri-CDF standard

samples showed no. peaks throughout the PCB region, while
an area outside of Narragansett Ba
‘the tri-CDF:or"the tri-- or.tetra

not

Figure he excellent agreement of these. spectta and
sinpatisons of the spectrum in Figure 3A with those reported
or PCDFs it the literature (2, 8, 12, 25) confirm the tri-CDF

-+;Since reactions;converting ‘precursor. comp:

mpotinds in heated gas-chromatogtaphi




Table I Ccmcentra ions 2 of Compour'l

e |ocal\on
) {km from- : sample
_Provldence)

upper bay (3)

arragansett Bay Sémp]es

- upper bay (7)

midbay (13)
midbay (1) -
. lower 'bay' (23) :

vlower bay (34)

:lower bay (37)

" a In ppb (dry) except where noted. © Mus. = sel Mytﬂus edulls) from cages. C = clam (Mercenarla mercenarid); conversion to dry wt from mussel dry wt.
data) LHP = Iobster hepatopancreas Sp = suspended particulates; numbers are estimated in parts per trillion from the volume of water filteréd. (*) These analyses
require manipulation of very small volumes of solvent and therefore are subject to considerable uncertainty. (MS) = Peak identities checked with mass spectrum: ) S

- Other identilications by retention time. Concentrations are corrected for procedu'al losses. © A recognizable gas chromatogram was obtained, and the oonwntrauons
. on suspended partlculate material were estlmated to be ~20X Iower than in the upper bay. Mora accurate quarmﬁcaﬁon was not poss-b!e at th levels.

o Flgure 2.A representatwe els : ; matogram obtained from a co chromatographic fraction from upper-bay (highly:
* poliuted) mussels (Mytilus edulis) This chromatogram was obtained on a 60-m SE-54 column operated with He carrier gas-at 24 ¢m/s; 80 °C.
" for 4 min, 80~120 °C-at 5 °C/min, 120270 °C at 1 °C/min, 270 °C for 15 min. Similar chromatograms were obtained by sumiming extracied
** jon current profiles for.the molecular lons of the PCBs, the pesticides, the chiorinated dibenzoturans, and the chlorlnated diphenyl ¢ ethers when

this column was directly’ coupled to & Finnegan quadrupote 1015 GC-MS (El (70 oV)) interfaced to a RDS data system. Ful !
the number of chiorine atoms on the PCBs,

were obtamed for identlf'eations Numbers above the peaks refer to

The rapld decrease in concentrations o "DF
-and tetra-CDEs with mcreased distance- from. Provulence -
(Table 1) mdlcates an upper-bay soiirce- for :
pounds. 2

- entlficatlon. The tri-CDF in environmental samples’ was
7 1dent1fied as the 2,4,8-trichloro isomer on the basis of com.
parison of retention times on glass capillary columns and by
coinjection of the 2,4 8-trichlorodibenzofuran standard with ¥
..sample extracts. Another peak eluting just after the tri-CDF . - One potentxal source for thése compound: _
'is identified as a tetra-CDE. An alternative structure con-."" plant which discharges wastes into the Pawtuxet River—a .
‘sidered for this compound is the tetrachlorobiphenylol, which " - tributary of the Providence River. (Figure 1).:The tri-CDF -
* may have been introduced directly to the bay or may have - . (found in wastewater (19-21) and in the sediment and waters
resulted from the action of biological systems on PCBs (13). " of the bay (19)) and the tri- and tetra-CDEs’ (detécted only-
. This biphenylol structural possibility is eliminated, however, * - in wastewater from the plant (19)) were believed to be by-
“because of the insolubility of this compound in base (13),its - products from the manufacture of 2,4,4'-trichloro-2’-hy-
elution behavior during column chromatography on silica gel - droxydiphenyl ether. Since there are numerous other indus-
" and on alumina (5), and the excellent match of its mass .- trial and municipal inputs to the bay, other potentlal sources
" spectrum with that of a tetra-CDE standard. In a similar:: for these compounds were considered. -
~‘manner a peak elutmg in an earlier portlon of the ¢hromato- ..+ PCDFs have been found in mumcnpal fly ash (6) and as
' grams is identified as a tfi-CDE." ; contammants in PCBs (2,5, 16) and’ chloropheno]s (8-10).
.. Supplemental GC-MS analyses at an ther EPA laboratory Each of these:sources, however, ‘showed several posmonal*
-~ also identified the tri-CDF and the tri-and tetra CDEsinan - - isomers for several PCDF homologiles,’
' '.extract from an upper-bay mussel (26). isomer was found in the present study.

-
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- Figure 3. (A) Mass spectrum from peak identified as ri-CDF in Figure 1. Fragment ions and statemmients of intensity are as predicted for chiorinated
- dibenzofurans from r t 7. (B) Mass spectrum of a 2,4,8-richlorodibenzofuran standard. PR IO ;-

: " An ahab;sis of 13fish,a sediment, and a_ifurfl_e from s';ver_al . But_l_&m 'tfxrtt)ilghouvf the coastal United 'S-ta'oe,st and for rapid ' s
- rivers and lakes from the United States by the highly sensitive - identification and abatement of their sources. : .. - S severs
‘technique ‘of chemical ionization mass spectrometry found -1 . o e ' - mospl
~ PCDF homologuesin 5 fish,,j;he sediment, and the turtle (18). | ;.Aqkno'wledg’m’ent ceige _ a_nd t
In general, several PCDF homologues were present, and, since .. e thank Crandall Dimock, Shazon Pavignano, and Robert Do pec
the penta-CDF isomers dominated, as found in'a majority of \;  Bowen for excellent laboratory work, Donald Phelps and throu
PCB mixtures analyzed (6), the gqthoxg suggested PCBs as =" waiver Galloway (ERLN) for deployment and collection of g.le at;
a source for these PCDF _?onmmlq,gn@.; : mussels, Douglas ‘Kuehl (Duluth, EPA) for: supplemental g iffusi
- The environmentalsignificance of reections forming PODIS - GC-MS analyses, David Firestone (FDA Washington; DC) @ third
from precursor compounds has been emphasized (8, 12-14). " for the 2,4,8-trichlorodibenzofuran standard, and Johp Fai In agr
. Of particular interest to the present study is the photochem tington (WHOI), Robert Risebrough (Bodega Marine Labo: puts.
ical conversion of a tetra-CDE to a tri-CDF (14). While this ; _ ratory, University of California), and John' Laseter (CBO e
redction may be opefative in Narragansett Bay and thereb ity of New Orleans) for their reviews and sugges- " Ana
constitute another formation pathway for the tri-CDF, presen i : provid
data are insufficient to document its occurrence. ; these p
“In '12968 hundreds of Japanese people developed .Yt Literature Cited :° for exa
diseas from eating rice oil contaminated by PCBs containing- :'(1)=, “Procesdings of & Sympostum’ several
o HOIR B b e T - ot Al “P gs of a Symposium on Dibe: odioxins and Dibenzo: g
an abnormally high level of PCDFs (6)- While the cause of this furans”; Research Triangle Park; NC, April 2-3, 1973; Environ. relative
. disease was reported as PCB poisoning. (27),’some involve- )Hgalth Pgs%“i\/lwlnﬁ ‘ .li“ M e AT I‘ i3 from L
e PC ; ). It i ized that ) Bowes, G..W.; Mulvihill, M. J,; Simoneit, B. R. ;; Burlingame, ce
el o PCDF's was suggested (6). It is emphasized that . ', "P¥er b ouon R W. Nature (London) 1975, 256, 305. - sources
the levels of PCDF consumed by Yusho patients (~20mg)(6) i - qy° W g 4 e it A . open-la
’ veR / : bt VT '(3) Bowes, G. W.; Mulvihill, M. J.; DeCamp, M. R.; Kende, A »
were enormous compared with those found here arid that the ‘Agric. Food Chem. 175,23, 1224, - = 1 2375 : . “creased
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] Anthropogemc and natural fluxes of As, Pb, Zn, and Cd are -
determined for Green Bay and northern ‘Lake Michigan -

- sediments, In Green Bay, inputs of solids and trace elements
are governed mainly by rivers and runoff flowing into the bay.
Sediments of northern Lake Michigan accumulate Pb-210 and

. several trace elements at rates lower than or equal to the at- -

mospheric inputs. This is consistent with the water circulation
and the: ‘remoteness of river outfalls. One station has.received

- no, recent input as ev1denced by the. absence of excess Pb-210 : ..

throughout the core. Another station accumu.lates less than :i'r.' ‘cantly enriched with Zn and Cd. It has been suggested that

~the atmosphenc inputs; -and shows s sign of mxxmg w1th an eddy

diffusion’coefficient of 0. 04 cm?/yr in the upper ~2C cm, while

- a thxrd statlon has inputs of Pb, Zn, Cd, and Pb-210, which are
h it th . T

sources; and had sxgmficantly ‘higher: ennchments than
open-lake cores for which the magnitude’ of ennchment de-
. creased from the western toward the eastern basin’Shimp et

al. (2) analyzed sediment cores from southern Laké Michigan . ™
for several trace elements and found significant sutface en- -

-richinents of As, Br, Cu, Pb, Zn, and Hg. These excess con-

' centratlons were thought to originate from man’s activities
in'the heavily populated watershed mcludmg Chxcago, Gary,
and Milwaukee (3). - .- ;
Fluxes of pollutants, needed for quantltatxve models, can

be inferred from accompanying measurements of sedimen-

tation rates by radiometric or palynolog'lcal methbds, or from "
the known age of geological formations. Of the radiometric -
methods, that based on Pb-210 4,5) has proved to be espe-

cially useful for age- -determination of up to 4.century. An
" thropogenic fluxes of several trace elements were determined
: by Bruland et al. (6) and Chnstensen etal. F the coastal
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. region off southern California, by Bert_inea_nd Mendeck (8) .
“for reservoir sediments, and by Kemp et al. (9) for Lakes Su-
“perior and Huron. Edgington and Robbins (10) determined

rounding area.

'and adJacent Lake Mlchlgan sedlments and to assess the rel-

7 are located in Green Bay while the reference stations 1128, -

(21). Hites, R. A Lopez-Avila, ’z Chern. 1979, 51, 14524,
(22) Phelps, D. K.; Galloway, W. B.'A Reporton the Coastal Envi-
. ronmental Assessment Station’ (CEAS) Program. In “Blologlcal

Mclntyre,A.D Pearce,J B. Rapp,
: Exnlor. Mer., in press.. .
(23) Jensen, S Renberg, L. Enmron Health Perspec '

.-V., Eds.' Reun Cons Int

Conference on Mass Spectrometty and Alhed Toplcs Seattle, WA .
‘1979, -

41,2428.

personal commumcatlon 1980."
(27) Kuratsume, M.; Yoshlmura, Matsuzaka J; Yamaguchl,
Envu'on Health Perspect 1972,1 119

Recewed for review June 10 1980 Accepted Decernber 9,'1980,

the average flux of lead to southern Lake Michigan and esti-
mated that most of the lead came from atmospheric inputs
thtough the combustlon of coal and gasolme in the sur-

.. Top sections relative to lower sections of the same: sedlment »
cores from Lakes Superior, Huron, and Ontario (9) and from
Lake Erie (1) and southern Lake Michigan (2) are signifi-

atmospherlc inputs of Zn to Lake Michigan . are slgmficant .'

ative mportance of the atmospheric pathway: For As, we also L
wish to evaluate. whether anthropogenic fluxes to the Green
Bay ¢ sediments can be accounted for in terms of a known As -
pollutlon soufce in Marmette, WL 1ni the dating of sedlment L
cores from Lake Mlchlgan by the Pb-210 method; it is of
special interest to check the usefulness of this method inareas . -
of very low sedimentation rate as indicated by the thinness
« f the uppermost postglacml deposlt (Waukegan Me ) ber) Do

Samplmg Locattons U .- o .
- Of the five coring sltes mdxcated in Flgure 1 statxons 1 and

1129, and 1130 are located in adjacent Lake Michigan. :
~ Green Bay is an elongated freshwater éstuary of Lake

Michigan. The mean depth is ~20 m, and the watershed - = .
‘- drains 40 000 km? or ca. one-third of the Lake Michigan. ==~

e dramage basin (12). The two largest rivers flowing into Green -
.- Bay are thie Fox River and the Menominee River with mean
dlscharges of 117 and 88 m%s, respectively.

A sxgmﬁcant pollutxon ioad comes from the- F'oxl River, !

which carries wastewaters from sevetral paper mills. Other -~
_pollutnon sources for -Green Bay include ship" buildmg,

emical ifidustries; municipal sewage, and urban and agri





